Recently, Carbon Fiber Reinforced Thermoplastics (CFRTP) are expected to be used for lightweight component parts. To mold CFRTP, it is necessary to impregnate carbon fiber bundles with thermoplastic resin by heating the materials. We have been developing a low cost CFRTP molding technique in which direct resistance heating was applied to carbon fiber itself. When electrical current runs through the materials, they are heated by joule heat. Therefore this method can run with simple equipment and low consumed power. In our previous studies, flat plates and pipes of CFRTP have been molded by using direct resistance heating and the molding abilities have been evaluated. To use this molding method for automobile components, it is necessary to apply this method to three-dimensional molding. However, the temperature distribution of carbon fiber NCF has not been clarified when a direct resistance heating method is applied to three-dimensional molding. In this study, the heating properties of carbon fiber NCF formed at 90º and 120º by using direct resistance heating were evaluated, and angle plates were molded. By using direct heating to carbon fiber NCF the angle plates of CF/PA6 have been successfully molded in the condition for the holding time of 1 minute, the pressure of 2 MPa and heating temperature of 290°C.
Introduction
In the automobile industry, to consider the regulation of carbon dioxide emissions of the car, fuel economy improvement has been required as a countermeasure to these problems. One of the means is to reduce vehicle weight [1] . For the purpose of further weight reduction of cars, carbon fiber reinforced plastics (CFRP), which have higher specific strength and specific rigidity than conventional lightweight materials such as high strength steel and aluminum alloy, have been researched to replace heavy body structures made of metal [2] . However, due to their drawbacks such as time consuming process, high cost and low recyclability of thermosetting resins, CFRP have been used only for nonmass-produced cars.
Accordingly, in terms of productivity, in another world cost reduction, Carbon Fiber Reinforced Thermoplastics (CFRTP) which uses thermoplastic resin for the matrix, have attracted attentions. Since CFRTP are using thermoplastic resins that can be reshaped, they have more advantages in recyclability and productivity compared to CFRP. Therefore CFRTP are suitable for the mass-produced car parts [3] . In order to make effective use of mechanical properties of carbon fiber, it is necessary to use continuous fiber as a reinforcing material. Among fabrics using continuous fibers, there are non-crimp fabric (NCF) and woven fabric [4, 5] . Comparing these two fabrics, NCF has been reported to be superior in strength. By using NCF with non-woven resin efficient molding in terms of production cost and operability of materials can be realized [6] .
For further cost reduction, it is required to improve and develop the molding process. In the molding of CFRTP, it is necessary to impregnate carbon fiber NCF with thermoplastic resin by heating. Direct resistance heating used in this study adopts a heating method using the resistance heating by direct energization to the material, so the equipment is simple and the production cost is not so high. When an electrical current runs through the materials, they are heated by joule heat. Therefore, molding by a small amount of power can be achieved. This heating method has been already applied for metal heating [7, 8] and CFRTP welding [9] [10] [11] [12] . At present, in direct resistance heating, the molding of flat plates and tabular CFRTP has only been performed, and possibility of forming the three-dimensional shape has not been studied [13] . Establishment of CFRTP molding of three-dimensional shape is essential to the improvement in productivity of cars.
In this study, the direct resistance heating properties of the carbon fiber NCF in three-dimensional shape were evaluated and CFRTP molding of a threedimensional shape was conducted.
2 Characteristics of direct resistance heating to angle carbon fiber NCF
Materials and experimental methods
The non-crimp stitched carbon fabrics of [0°/90°] in the weight per unit area of 300g/m 2 , using PAN-based carbon fibers, were used. Specimens with dimensions of 100mm in length and 25mm in width were cut from this carbon fiber NCF. In CFRTP molding using direct resistance heating to the carbon fiber NCF, precise heating control of the shaped carbon fiber NCF is required. In this study, it is intended to clarify that how the angle carbon fiber NCF is heated. By using direct resistance heating to three-dimensional carbon fiber NCF, temperature distribution of the carbon fiber NCF at the time of electric heating is measured so as to establish whether it is possible to heat the material to melting temperature of resins or not. Figure 1 shows schematic drawing of temperature distribution measurement of a single NCF ply. It was shaped so as to bend at the center of the specimen and made experiments in the following two cases: the bending angles were 90° and 120°. In addition, temperature distributions were measured at both surfaces of NCF (0° layer and 90° layer). 10mm from both ends of carbon fiber NCF were fixed with clips and connected to the high-frequency power supply (T162-6014AAH, THAMWAY, JAPAN) by using cables. The power was supplied to the carbon fiber NCF through the impedance converter (T010-6012A, THAMWAY, JAPAN). The conditions of energization were set as follows: frequency was 20kHz electricity was 250W and impedance ratio was power: load = 9:1. Temperature distributions at the time when 0°layer of carbon fiber NCF reached 250°C were observed by using infrared thermography (TVS-500, NEC Avio, JAPAN). For comparison, temperature distributions of flat carbon fiber NCF were also observed in the same way. Figures 3 and 4 show the temperature distribution of 0° layer and 90° layer of the single NCF ply respectively. Direct resistance heating could heat carbon fiber NCF to 250°C. However, the temperature of the bended area was low compared to other area in both cases of 90° angle and 120° angle NCF. Figs 3 and 4) , the temperature difference was 124°C for 120° angle NCF. By laminating NCF, the temperature difference at different fiber orientation was reduced and showing uniform heating. 3 CFRTP molding for the three-dimensional shape
Results and discussions

Materials and experimental methods
The same non-crimp stitched carbon fabrics of [0°/90°] shown in section 2 were used for reinforcement and the non-woven resins of PA6 (Ube Industries, Ltd) in the weight per unit area of 50g/m 2 were used. Lamination structure of the intermediate substrate was [0°/90°]s and fiber volume fraction was set to 50%. Figure 6 shows schematic drawing of CFRTP molding. Specimens were heated by the same method as described in section 2. Table 1 shows the molding conditions. Precision universal tester (AUTOGRAPH AG-100kN, Shimadzu Corporation) was used for applying molding pressure. The material was pressurized after holding the target temperature for 60 seconds, then the materials was cooled down by natural cooling. During molding process, temperature history was recorded at measuring time interval of 0.1 second.
A cross section of the molded specimen was observed by Laser microscope (OPLETICS-H1200, Lasertec) to evaluate the impregnation of resins to the carbon fiber NCF. Schematic drawing of CFRTP molding. enough to mold this material (as shown in Fig. 8 ). Under the pressure of 2MPa and temperature of 290°C, good impregnated specimen was observed (as shown in Fig. 10 ). The angle plates of CF/PA6 was successfully molded in 200 seconds by using direct heating to carbon fiber NCF in the condition for the pressure of 2 MPa and heating temperature of 290°C. 
Results and discussions
Conclusions
The direct resistance heating properties of the single carbon fiber NCF ply and laminated carbon fiber NCF was revealed. The angle plates of CF/PA6 was successfully molded in 200 seconds by using direct heating to carbon fiber NCF in the condition for the pressure of 2 MPa and heating temperature of 290°C. 
